(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 

International Bureau 

(43) International Publication Date 
28 February 2002 (28.02.2002) 




PCT 



inn 

(10) International Publication Number 

WO 02/17373 Al 



(51) International Patent Classification': H01L 21/316. 

21/768 

(21) International Application Number: PCTAJS01/18226 

(22) International Filing Date: 4 June 2001 (04.06.2001) 

(25) Filing Language: En 8 lish 

(26) Publication Language: English 

(30) . Priority Data: 

09/643,531 



22 August 2000 (22.08.2000) US 

(71) Applicant: ADVANCED MICRO DEVICES, INC. 

[US/US]; One AMD Place, Mail Stop 68, P.O. Box 3453, 
Sunnyvale, CA 94088-3453 (US). 

(72) Inventors: RANGARAJAN, Bharath; 2295 Dolores Av- 
( enue, Santa Clara, CA 95050 (US). SUBRAMANIAN 

Ramkumar; 4271 Norwalk Drive, #X-105, San Jose CA 
95129 (US). SINGH, Bhanwar; 17122Heathetwood Way, 
Morgan Hill, CA 95037 (US). 



(74) Agent: RODDY, Richard, J.; Advanced Micro Devices, 
Inc., One AMD Place, Mail Stop 68, Sunnyvale, CA 94088- 
3453 (US). 

f811 Desienated States (national): AE, AG, AL, AM, AT, AU, 
{ ) 3K SI. BG. BR, BY, BZ, CA, CH, CN, CO CR, CU, 
CZ, DE, DK, DM, DZ, EE, ES, FI, OB, GD, GE, GH GM, 
HR, HU, ID, TL, IN, IS, JP, KE, KG, KP, KR, KZ, LC.LK, 
LR LS LT, LU, LV, MA, MD, MG, MK, MN, MW, MX, 
MZ NO NZ PL, PT, RO, RU, SD, SE, SG, SI, SK, SL, 
TJ, TM, TR, TT, TZ, UA, UG, UZ, VN, YU, ZA, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL. SZ, TZ, UG, ZW), Eurasian 
patent(AM,AZ,BY,KG,KZ,MD,RU,TJ,TM) European 
patent (AT. BE. CH, CY, DE, DK, ES, FI, FR. GB GR. BE. 
IT LU, MC, NL, PT, SE, TR), OAPI patent (BF, BJ CF, 
CG, CI, CM, GA, ON, GW, ML, MR, NE, SN, TD, TG). 



Published: 

. — with international search report 



[Continued on next page] 





fn Temperature 

5 (57) Abstract: One aspect of the present invention relates to -"h^n^ 
g SL. involving the steps of depositing a mixture 

° optionally contacting the mixture with a transition solvent whereby ^""8 S °'^ with a superc ritical fluid whereby 

s s==»«— 

low k material layer. 



IIIinilllOIIIHIIIIillHHIIIIlIlll 



. • r A„„,Ue For two-letter codes and other abbreviations, refer to the "Guid- 

before the expiration of the time Urn »f°'™'?»* h ° f ^te^X and Abbreviations" appearing at thebegin- 
claims and to be republished in the event ofrece.pt of ofthe PCT Gazette, 

amendments 
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SUPER CRITICAL DRYING OF LOW K MATERIALS 
technical™^ t . . . 

using a supercritical fluid. 

BACKQROUNDART ., ^ 

.ond »c,<>rwa»<»f0.1ItoOJ5 0m».d TO «i«t«V«*«rf<''8» OJ50 »- 

90 nkn causes cross-talk that can result in generating signal errors, 
relatively highpetmitivity or dielectric constant 

relanv y 8 p SJ . . ^cwof-j o or higher. High dtelectnc constant 

^produceoapaoiuveloadsontheadjacentcon^ 
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multi-layer metallizations on top of the dielectrics. 

^ b ,^^.^^«.3^«^by 0.25.^, .3^,0»,.r 
ta «-2KlO'»».p^'««l»«PPB«i«l'*'°a«kl.lr™ii l of0.05MV/c». 

20 .talk— »»«*«-— 

removal is therefore a significant concern. 
30 Yetanothexproblemass^ 

deleterious structural collapse of the low k material layer. 

Tiffin OSTT 17 " y ™ INVENTION 
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leastoae.offcshten*^ ■ 
breakdown field strength and low leakage current 

One aspect of the present invention relates to a method of fonning a low k material layer on a 
^conductor substrate, involving me steps of depositing a mixture containing alow kmafcrial and a easting 
solvent on the semiconductor substrate; optionally contacting the rnixture with a transition solvent whereby the 
casting solvent is removed from the mixture to form a second nature containing the low k material and the 
tuition solvent; contectmg the mixture or second rnbcture wim a supemritical fluid whereby the castmg 
solvent or me transition solvent is removedfrom the mixture or the second mixtere; and permrtung the 
supercritical fluid to evaporate thereby forming the low k material layer. 

r Anoteaspectmeprosentmv^ 
stepsofdepositingarnixtmecomprismgmelowkmaterialaMacastings 

whereinme casting solvent comprises atleastone of ddonizeti water, a water based dispenion, a water-m.ti 
emulsion, an oil-in-water emulsion, benzenes, chlorobenzenes, anisole, cyclohexanone, a lower alkyl alcohol a 

.nixmrewithatransitionsolventwhereby theeasting solvem b removeti from me mixture to form a second 
^comprising | 1 .Ia»k^-tet^^^ to, ^^7 P, "* 

orles, carbonate; contacting mesecondmixtumwim 
removed from me second mixture; and permitting me superb 

20 material layer having a dielectric constant below about 3.8. 

Yet another aspect of the present invention relates to a method of making a low k dieletric layer, 

involvmg me steps of deposits . 
semiconductorsubstrate; contectmg me mixture wim an orgamc solvent whereby me casting 
&om me mixture to torm a second mixture comprising the low k material and the organic solvent, wherem the 
25 orgamc solvent comprises at 1^^^ 

contacting the second mixture with a supercritical fluid using spin coatmg whereby me orgamc solvent ts 
removed from me second mixture, wherein the supercritical fluid comprises at least one of CO, N AW, 

«fci W «fc-icc^-P^to^M»^ l ^ ,,,l,l,1l " ta,k 

dieletric layer having a dielectric constant below about 3. 
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30 



TlPTFiF T>rS^PTPTT"N nv DRAWINGS 

Figurelshowsamemodofformmgasupercriticdfluidmmecontextofaph^^ 

one aspect of the present invention. 

Fig ure2showsanotner method of^ 
35 according to another aspect of the present invention. 

MOPES TOR CA TPV™q OPT THE INVENTION 

The present invention involves forming high quality, well defined low k matorial layers m 

^ccnductordevi^ 
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k material in a casting solvent onto a wafer, optionally «^al^^-i<h^^»**- 
contacting a supercritical fluid with the wafer. 

I^wkmateriak are insuMcmmaterials; that i8,arnate^ Lowk ' 

.nateriaU provide electrical insulation between various layers, devices, structeres, and regions within 
5 senuconductorsubstrates. For purposes of this invention, low k materials have a dielecnic constant below about 
38 InanomerembodimenUowkmaterialsl.veadielectricconstantbelowabout3.fc 

cmbo diment,lowkmateri^^ 

materials have a dielectric constant below about 2.0. 

General exiles oflowkrxiaterialsmcludelowkpolymers.lowkfluorme 

10 andlowkfluoropolymers. Examples oflowk materials include polymddaa.flucdnatedpolyiimdes, 
polysilsequioxane. bensocyclobutene (BCB), fluorinated benzocyclobutene, fluorosilicate glass, sihcon 
oxyfluoride.fluormatedpo^^ 

U-dioxolcperfluoroalkoxy resin, fluormated emylene propylene, fluoromemacrylate, P oly(aryle M 

paryleneF.paryleneN.amorphous^ 
15 dioxide. L^wdensitysiUcondioxidernaybemadeusmgsol-geltechniques. 

Specific examples of a commercially available low k materials include those under thetrade 
designafionsFlarelfromAm^ 

BlackttamondJfromAp^ 
DowChenucaUTeflonTpolytetrafluoroemylenef^ 
20 fromffitachi Chemical; HOSPJ andNanoglassI from HoneyweU Electronic Materials; LKD from JSR 

Microelectromcs;^^^ 

from Schumacher. . , 

miowkmateriaJisprovidedoverasenricondnctor substrate 

substrate is typically a sihcon substrate optionally with various e,ements and/or layers mereover, including metal 

appUedby any suitable tecb^^mcludmgspin-on^^ 

over a static substrate, the substrate may be spun to remove excess solvent. 
30 He casting solvent provides a vehicle to apply the low k material to a substrate surface. Castmg 

solved as the tennis used herein, are those solvents cornnK^emptovedtoawlylowknudcnalste 

semiconductor substrate surfaces. Examples of casting solvents include deionized water, suitable orgamc 

solvents, orgamcmcmomerrnixtor.s, water based di^ic^ 
. emulsionsCoilmeaningorganicsolvent). s^^^-^*^"*"*** 
35 outlowkmaterials.suchasben^^^ 

al^lketene.andlowerallcyl ester casting solvents areprovidedbelowm 
andthusarenotrepeatedhere. ^ec^ solvent rnay alternatively or adomonal^ 
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monomer. Water soluble monomers generally comprise atleastoneofacryla.ude.n.cthacrylannde.acryhc 
acid, methacrylic acid, an acrylic acid salt, vinyl pyrolidone, and vinyl aeetate. 

Inembodiments where the casting solvent is compatible with the low k material and the subsequently 

wimmesubsequenuyemployen^^ 

boasting solventisnotcompatiblewimat least one of me low k material and me subse.uendy employed 
supercriricm fl uid,itisnccessarytoemployatransi ti onsolvent It is in this connection that, after the low 
^imacastmgsolventisprovidedoverasemiconductorsub^ 

to Hie substrate by any suitable technique. 

transition solvent is c^mpatmlewim me lowkmaterial^ 
s.percriticalfluid. ^transition solvent is compaUHewim me subsequentiy employed s 

rem oved from the low k materia, mixture. The casting solvent is le moved in mat it is at least subs^aUy 
re moved(almou g hasmauamountmay^ Inapreferred 
^odiment^etr^^ 

ofthe casting solvent. The transition solvent may be deposited on a static or spinnmg substmte — g the 
lowkmatenalTypicaUy.me^ 

agitation or spinning. , 

T^itionsolvcntsaretypicallyorganicsolvcnts, but inorganic fluids such as water mcludmg 

andlower alkyl esters. I^^t-F^^*^ — ^ W ^ 5 " ta "^ 
atoms (itisunderstoodthatcertaincompounds.suchasketones and esters, have two or more alkyl groups; and 
fceSor less carbon atoms apphes to each group). In this connection, methyl amyl ketone is a lower aUryl 



ketone. 
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Suitable transition solvents are inorganic or organic solvents including water, ketones such as acetone, 
^ylethylketone.memylisobutylketrme.mesM 

gly cole*erssuchase*o*yem^ 

otLglycolethers; glycol ^^^m^^^*^^****^ 
etto L; alcohols such asm^ 
other aliphatic alcohofc;^ 
ntixtu^ofaromaticsolvents.n^^ 

Mixtmes of two or more transition solvents may be employed. Preferred transition solvents include etianol, 



35 

• amyl acetate. 



'in some embodiments where a transition solvent is employed, the casting solvent a,d the transrtron 
solventaredifferentcomponndsCormixmresofcompounds). In other embodiments where a transition solvent 

is employed, the casting M***^^™*™*"^^™""* 
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compounds). In these embodimeBts.it is sometimes d^topmHd.d--^-^***" 
contaminated or debris containing casting solvent 

After the casting solvent or the transition solvent is contacted with me 1 0W k material covered substrate 
surface, a supercritical fluid is applied to the substrate. The supercritical fluid displaces me castmg solvent or 
the tuition solvent, as the casting solvent and/or the transition solvent is substantiaUy removed from the low k 
material. Asupercriti^ 

ca nnotbeli q ui fi edby P ressure.Asupercriticalfluidrelates to dense gas solutions wim enhanced solvaton 
powers, and can include near supercritical fluids. The basis for a supercritical fluid is that at a enseal 
temperature and pressure, the liquid and gas phases of a single substance can co-exist. 

The supercritical fluid phenomenon is documented, see pages F-62 to F-64 of the CRC Handbook of 
ChentistryandPhysica,67mMtion,19 8 6^ 
pressures above the critical point, the resulting supercritical 

.hoseofahquid and assumes someofthe properties ofaliquid These properties are dependent upon the flmd 
composition, temperature, and pressure. As used herein, the "critical point" is the transition point at which the 

liquid and gaseous states «t miM ^^^^*<>^*'» a ^ a * lM 
temperature and critical pressure for a given substance. 

Thecompressibwtyofsupe^ , 
ohangesmpcess^resmtmlargechangesmme density ofme^ 

asupercritiemfluidathigherpressures results in greatly enhance solubilizing eapabihties compared to those of 
, the«s.bcritieal"compound,wimmgherdif£usioncoeffi 

compared to liquid, An interesting phenomenon associated with supercritical fluids is that as the pressure 
increases, me solubility of the solute often increases by many orders ofmagnimde with only a small pressnm 



25 



increase. 



Near-supereritical liquids also demonstrate solubility characteristics and other pertinent proper** 
similar to those of supercritical fluids. Fluid "modifiers" can often alter supercritical fluid properties 
significantly.eveninrelativelylowconcentrations. In one embodiment, a fluid modifier is added to the 
supercritical These variations are considered to be withm me concept of a supemritical fluid as used m the 
context of this invention. Therefore, u^^to^U*^^^^*"*^ 
above at, or slightly below the critical temperature and pressure (the critical point) of that compound 
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Examplesof^^ 

TABLE 1 



EXAMPLES OF SUPERCRITICAL FLUIDS 



Compound 



C0 2 

NH 3 

H 2 0 

N 2 0 

Xenon 

Krypton 

Methane 

Ethane 

Ethylene 

Propane 

Pentane 

Methanol 

Ethanol 
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Isobutanol 

CC1F 3 

CFH 3 

Cyclohexanol 



Boiling Critical Critical Cntical 
Point Temperature 
(□C) (OC) 


Pressure Density 
(aim) 


(g/cm) 


-78.5 


31.3 


72.9 


0.448 


-33.35 


132.4 


112.5 


0.235 


100.00 


374.15 


218.3 


0.315 


-88.56 


36.5 


71.7. 


0.45 


-108.3 


16.6 


57.6 


0.118 


-153.2 


-63.8 


54.3 


0.091 


-164.00 


-82.1 


45.8 


0.2 


-88.63 


32.28 


48.1 


0.203 


-103.7 


9.21 


49.7 


0.218 


-42.1 


96.67 


41.9 


0.217 


36.1 


196.6 


33.3 


0.232 


64.7 


240.5 


78.9 


0.272 


78.5 


243.0 


63.0 


0.276 


82.5 


235.3 


47.0 


0.273 


108.0 


275.0 


42.4 


0.272 


-31.2 


28.0 


38.7 


0.579 


-78.4 


44.6 


58.0 


0.3 


155.65 


356.0 


38.0 


0.273 
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Duc to the low cos, environmental acceptability. non-flanunability. and low critical temperature of carbon 

dioxide>trousoxide,andwa^ 

employed in the present invention. 

^esupercriuedfluidisapph^ 

increase, abov. me critical pressure, followed by raising the texture above ..e cntical temperanue. thereby 
converting the compound that fonns the supercritical fluid into a supercritical fluid Next, the pressure ,s 
decreased to ambient pressure and the temperature is lowered to room temperature. 

Method of «mtact^ 
^itionsolventwim^^ Referring to Figure 1. a phase 

diagram is shown wimmepres^^^ 

7 
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represented and me critic* p^ 

vapor interface. PointArefers to flooding the chamber wi* me compound that foms me supercritical fhnd m 
Hquid form. Increasing the pressure above the critical pressure is shown by the line from point A to pomt B; 
raising the temperature above the critical temperature is shown by the Hne from point B to point C; decreasmg 
tfcepressmetoambientpressureisshownb^^ 

pressure and temperature increase or decrease)may be employed, so bug as the liquid-vapor interface line ,s not 



Since the liquid-vapor interface line is not crossed when fonnmg me sup^rcriticm fluid, interfecial 
10 tensionfornesassociatedwimmeUqnm-vapormter^eareavoided. Such intermcial tension forces may, m 
some instances, collapse the three dimensional network of the low k material 

Altematively.after me wafer con^ 
solvent is provided in the high pressure chamber andthe chamber is flooded with the compound mat forms me 
supercritical fluid in liquid form, the pressure and temperature arc raised simultaneously to the enncal 
15 tempemture and pressure ensurm^^^ 

remains in liquid form. 

Thismemodofconlactmgmewaferc^^^ 
transition solvent with me supercritical fluid is graphically Ulusm^edm Figure 2. Referring to Figure 2, a phase 

diagram is shown wim me pressme on me y-^ 

20 tempemtureisrepresent^^ 

origin is me liquid-vapor interface. Point A refers to flooding the chamber with the compound that forms the 
supercritioal fluid in Uquid form. Simultaneously incmasmg me pressure and temperature above the cntxcal 
pressure is shown by the line from point A to point C; decreasing the pressure is shown by the line from pomt C 
to pointF; and simultaneously decreasing me temperature to room temperature and ambient pressure is shown 
by thelinefrompointF to pointE. Again, since the liquid-vapor interne Ime is not crossed when forming the 
supercritical fluid, internal tension forces associated with the liquid-vapor interface are avoided. 

The supercritical fluid, after replacing the casting solvent or me transition solvent, Aevaporates®, «* 
ga8M or otherwise is rmoven from me lowkmaterimwimou^ 

dimensionalnetworkofthelowkmateriaL The supercritical fluid is removed completely or at least 

30 snbstantiaflyconmlete* 

detrimental surfece tension forces, which can damage the microstmcture ofmetb^ dimensional network of the 
lowkmaterial, are avoided since there is no Uquid-air interface associated with a supercritical fluid. Moreover, 
sinceme supercritical fluid is easily and completely remove* from the low k material, residual solvent concerns 
are minimized and/or eliminated (or alternatively, there are inconsequentially small residual amounts). Smce 

3 5 residual solvent concerns are minimized, problems such as increases in the dielectric constant of the 
subsequenflyformedlowkmaterimlayerandsolventoutgassingmdnc^ 

device are minimized and/or eliminated. 



pressure 

25 
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Themicrostructureofmed^^ 
fce present invention is characterized by numerous pores or air pockets (mother^, Aspongy®)^ a, 
pockets provide insulation charades to fhe low knu^ 
Optionany.aftermesupercritic^^ 
5 toesubstmtemaybeheatedorb^ 
removed from the low kmateriaL 

tolfaemvemion. 

200 □ to about 20,000 O . » another embodiment, the mickness of the resulting tow k material layer .s ftom 
10 aboutSOOOtoaboutlO.OOOD. Inyetanother embodiment, the thickness of the resulting low k matenal layer 

is from about 1,000 O to about 5,000 □. 

Lowkmaterial layers fonned in accordance wito the present invention have a lower melectnc constant 
^orahigherbreakdownvohagethanlowkmaterial layers formed m conventional m^ers(m instances 
.heremecomparisontovolvesthesameiowkmaterialj.tooneembo^ 

5%higherbreaMownvolmge^ pother 
embodiment, the tow k material layer* formed to ac^ 

formed in conventional manners. 
20 Almough the mv^tionhasbeen shown and deseed wim^ 

or embodiments, it is obvtous that equivalent alterations and m odmcadons wm occur to omers skmed in me art 
uponthereadmgandunderstandingofmisspecmc^ ^ 
variousfunctionsperto^ 

(including any reference-* a Ameans©) used to describe such components are intended to correspond, unless 

25 otherwise tomcate^ 
*** fimctionally 

^funcdonmmeheretomustmtedexempl^embodimentso^ 
^ofthetovendonn»yhavebeend^ 

.nay be combined with one or more omer features of the omer embodiment as may be desired and 
30 advantageous for any given or particular application. 

INDUSTRIAL APPLICABILITY 

Thememodsoflhe present invention are useMgenerany m me field of min film fonnadon and 

sendconductorp^ 
35 febrication and semiconductor memory device febricadon. 
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CLAIMS 

What is claimed is : 

1 . A method of forming a low k material layer on a semiconductor 
substrate, comprising: 



10 



15 



ling*. 

depositmgamixtu*^ 

substrate; . . • 

optionallycontactmgmemixtmewimatransiuonsolventwherebyme 

.moved from the mixture to to.^***^*™^**^*? 
^eremmetr^idonsolventcomprisesatleastoneofalower^ 

alkyl ester, wherein each alkyl group has 5 or less carbon atoms; 
contactmgmenrixturaortte^^^ 

permitting the supercritical fluid to evaporate thereby forming the low k matenal layer. 

2 ' The method of claim 1, wherein the casting solvent comprises at least 
oneofdeionizedwater.awat^^^ 

cUorobe™*^^ 
.ethylamylk^cycbh^ 

prop^ol,iso-p^ 
spirits, and 2-nitropropane. 

25 3 The method of claim 1, wherein Ihe supercritical fluid comprises at 

methanol, ethanol, isopropanol, isobutanol, and cyclohexanoL 

4 Tbememodofclaiml.wheremmelowkmaterialcomprisesatleastoneofapoly^ 

30 flnorinatedp*!^^ 

gto, sihconoxyfluoride, fluorin^polysilicon.polyphenylqumoxalin^ 

Lrifluorome^^^^ 
fluorome^^ 
density silicon dioxide. 

35 5 Thememodofclaiml.wheremthesupercriticmfluidhasacriticm 

andisformedbyprovidmgacompositionmah.uidphase.raismgthepressu^ 
critical pressure, and raising the temperature above the critical temperature. 
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6 The method of claim 1, further comprising, after depositing the 
^comprisingmelowkn^ 

nature with a transition solvent whereby the casting solvent is removed from me mixture to form a second 
mixture comprising the low k material and the transition solve* men cort 
supercritical fluid whereby the fraction solvent is removed from the second mixture; and permntmg the 
supercritical fluid to evaporate Hereby forming the low k material layer, 

wher emmetransitionsolventcompri^ 
isobu.ylketone ( mesityl oxides 

acetate, alkyl carboxylic esters, methyl t-butyl ether, dibutyl ether, methyl phenyl ether, ethoxy ethanol, butoxy 
ethanol, emoxy-2-propanol, propoxy ethanol, butoxy propanol, butoxy ethoxy acetate, ethyl 3-elhoxy 
propionate, methanol, ethanol, propanol, iso-propanol, butanol, iso-butanol, amyl alcohol, benzene, toluene, 
xylene, naphthalene, mineral spirits, and 2-nitropropane. 

7 A method processing a low k material, comprising: 
deposits antixture comprismgmelow 
substrate wherein the casting solvent comprises at leastone of deionized water, a water based dispersmn, a 
water-in-oil emulsion, an oil-in-water emulsion, benzenes, chlorobenzenes, anisole, cyclohexanone, a lower 

contacting the mixture with a transition solvent whereby mo casting solvent is removed from 
themixtureteformasecondmktu^ 

tuition solvent comprises at least oneofalower alkyl alcohol, a lower alkyl ketene, and a lower alkyl ester, 

wherein each alkyl group has 5 or less carbon atoms; 

contacting the second mixture with a supercritical fluid whereby the transition solvent ^ 

removed from the second mixture; and 

penning the supercritical fluid to evaporate thereby forming a low k material layer havmg a 

dielectric constant below about 3.8. 

8 Thememodofclaim^whercmmesupe^ 
andisforn^dbyprovidmgacompo^^ 

composition above the critical pressure and the temperature above the critical temperature. 

9 A method of making a low k dielectric layer, comprising: 
depositmgamktu^ccmpm^ 

contacting me mixture wim an orgamcsolvem whereto 
solvent comprises at least one ofaketone, an ester, an alcohol, an ether, and an aromatic hydrocarbon; 
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contacting the second mixture with a supercritical fluid using spin coating whereby the organic 
solvent is removed flom me second mixture, wherein the supercritical fluid comprises at least one of C0 2> N 2 0, 

Cfit, CFHj, HjO, NH 3> and CC1F 3 ; and 

permitting the supercritical fluid to evaporate thereby forming me low k dielectric layer having 

5 a dielectric constant below about 3. 

10. lUe method of claim 9, wherein me low k material comprises at least one of a polyimide, a 
ftaodnatedlri^ 

glass, silicon oxyfluoride, fluorinated polysilicon, polyphenylquinoxaline, a copolymer of 2,2- 
10 bistrifluoromemyl-4,5-difluoro-l,3-dioxole, aperfluoroalkoxy resin, fluorinated ethylene propylene, 

fluoromethacrylate.poly^^ 

the casting solvent comprises at least one of deionized water, an organic monomer mixture, a 
water based dispersion, a water-in-oil emulsion, an o.il-in-water emulsion, cblorobenzene, anisole, 
cyclohexanone, acetone, methyl ethyl ketone, methyl isobutyl ketone, mesityl oxide, methyl amyl ketone, 
15 cyclohexanone, methyl acetate, etiryl acetate, iso-amyl acetate, alkyl carboxylic esters, methyl t-butyl ether, 

dibutyl ether, methyl phenyl ether, emoxy ethanol, butoxy ethanol, ethoxy-2-propanol, propoxy ethanol, butoxy 
propanol, butoxy ethoxy acetate, ethyl 3-ethoxy propionate, methanol, ethanol, propanol, iso-propanol, butanol, 
iso-butanol, amyl alcohol, benzene, toluene, xylene, naphthalene, mineral spirits, and 2-nitro P ropane; and the 
supercritical fluid comprises at least one of C0 2 and N 2 0. 

20 
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